Smart charging has been the focus of considerable research efforts but so far there is little notion of users' acceptance of the concept. This work considers potentially influential factors for the acceptance of smart charging from the literature and tests their viability employing a structural equation model, following the partial least squares approach. For a sample of 237 early EV adopters from Germany our results show that grid stability and the integration of renewable energy sources are key motivational factors for acceptance of smart charging.
Introduction and Background
Electric Vehicles (EVs) have the potential to transform individual mobility habits and substantially reduce transport related emissions. In order to harness this potential EVs must be recharged with electricity from sustainable sources.
Since these sources are predominantly volatile in their generation patterns, EVs 5 as a flexible load must adapt their charging demand in such a way as to use the available energy for charging in a smart manner, while still fulfilling the mobility requirements of the EV user. Since EVs are quite a new technology in their current form, much attention is still devoted to the assessment of the technology as a whole and in particular to the technical components like the 10 battery, that play a crucial role for range capabilities and economic prospects.
Our work goes one step further and analyzes the consumer attitudes towards smart charging concepts.
Research Approach
Smart charging approaches have been under thorough investigation with re-15 spect to the employed mechanisms, the different objectives such as grid support or economic optimization and the overall effects in EV adoption scenarios in the context of smart grid research [1] . Most studies find beneficial effects that can be harnessed from shifting of charging times of EVs, ranging from the reduction of individual charging costs or emissions to enabling peak demand clipping and 20 loss minimization in distribution grid settings.
However, most studies assume that users either participate fully on a voluntary basis or are part of a mandatory program in the corresponding charging coordination approach. This in turn neglects the fact that successful technology adoption is also determined by the acceptance of the users. In this context we In order to answer these questions we perform a survey-based analysis directed at early adopters of EV technology. Our analysis encompasses the for- 30 mulation of a PLS-based structural equation model (SEM) which enables us to identify significant relationships between relevant factors of smart charging acceptance. Our results are based on a sample of 237 valid answers of EV early adopters from Germany.
Background and Related Work
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One of the first to consider EVs as a flexible resource on the demand side in the power system for a contribution to peak load reduction was Heydt (1983) [2] .
Since then a multitude of further work assessing the different possibilities for EV charging management and coordination has been performed. Most work is dedicated to assess the effect of shifting of charging times to fulfill a given technical 40 or economic objective. This encompasses for instance distribution loss minimization options [3] , cost minimizing purchase strategies given variable prices [4] , power system cost impact assessments [5] ), or renewable energy system integration abilities (e.g. balancing of wind generation [6] ). Charging coordination, or "smart charging" can be performed in different control architectures. These 45 can either be direct load control options of the grid operators or control by the owners of the EVs given a price incentive [7, 8] . Recently a hybrid form of both paradigms has been introduced and evaluated which consists of a hierarchical or mediated control architecture through the role of an aggregator [9, 10, 7] . EVs have also been evaluated as short term storage devices for the power grid and 50 for the provision of ancillary services, which is known as vehicle-to-grid (V2G) [11] . These options were found to be slightly profitable even under consideration of battery degradation [12] , but mostly do not account for uncertainty of grid availability and power price developments. All of these options, and in particular V2G, rely on the ability to control the charging process of the EV.
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This is one of the reasons why this study is further focusing on the acceptance of smart charging as a facet of demand response in the smart grid. Table 1 gives an overview of related studies and the identified acceptance factors that were the focus of investigation in these papers. It can be observed, that most sources consider the impact of monetary incentives and their design 60 choice based conjoint + 40 [24] descriptive survey (x) (x) (x) (x) (x) (x) 40 this study
Meaning of symbols: + = positive impact on acceptance; o = no effect; -= negative impact on acceptance; (x) = factor studied insufficiently; x = V2G studied on the acceptance and effectiveness of smart charging [16, 15] . The ability of smart charging to support the integration of RES is assessed in most studies, e.g.
in [13] . Grid stability is regularly addressed in the theoretical work mentioned above, but is not (yet) often investigated as a motivational aspect for smart charging in empirical studies. Further aspects, such as the trust in the involved 65 institutions, are still under scrutiny and involve different national regulatory environments. The effects of reduced potential flexibility with respect to the mobility requirements is often considered since range anxiety is attributed to EV users [25] .
Other studies focus more on the characteristics of EV users and their at-70 titudes about the abilities of the battery rather than on the capability of the vehicle to shift its load according to a selected objective, cf. [21, 26, 27] . Recently one of the most comprehensive studies with respect to the current group of active EV users in Germany, their demographics, their driving behavior as well as an evaluation of the overall experience was conducted by [20] . This 75 rather descriptive study has similarities to the presented work, in particular with respect to the characteristics of the participant sample, but it does not further investigate potential determinants for the successful implementation of smart charging. This is where our work contributes to guide further design decisions for smart charging regimes that take into account the experience and the 80 4 attitude of early adopters of EV technology. We thus consider in particular the design requirements of aggregators, grid operators and energy service companies that plan to offer a product which includes utility-influenced or smart charging.
Model, Methodology and Data
In this section we first formulate the main hypotheses with respect to influ-85 ential factors for smart charging acceptance and secondly, derive the structural model for further analysis. Additionally, the survey characteristics and response data are described.
Structural Model
Most EV-owners have so far been unable to experience smart charging first
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hand and have thus no opportunity to adequately assess its potentials and risks.
Due to this lack of conceptual experience in the target group, our work can not be solely based on popular and well-tested behavioral models, such as the Theory of Planned Behavior (TPB) [28] , the Technology Acceptance Model (TAM)
[29] or the Unified Theory of Acceptance and Use of Technology [30] , which all 95 hinge on users' hands-on experience with or at least clear understanding of a product and the consequential purchase or usage intention. We develop our own approach based on relevant parts of the theories mentioned before, thus following the suggestion of Mathieson (1991) [31] to combine models like TAM and TPB in order to generate additional insights. We continue with the anal-100 ysis in this way since our focus is not to explore the personal beliefs of the early adopter sample but their opinion on a theorized and currently abstract product. As our subject of inquiry is not sufficiently covered by the mentioned approaches, we have to develop our own constructs to gain understanding for the smart charging concept in general, rather than one specific implementation 105 and its interface. In consequence, our study has some exploratory character and should serve as basis for further analyses.
Since we want to assess a concept that is not in place yet we select early adopters of EV technology (cf.
[32]) as primary target group for our survey. with potential links to the acceptance of the overall concept (cf. [36] ).
The influential components of smart charging acceptance investigated here were based on the literature, a focus group discussion and our own considerations. In the following, the components are explained and modeled.
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Monetary Incentives
Monetary compensation is often referred to as a key influential factor for the acceptance of smart charging mechanisms (e.g. [14] ). In the survey, we distinguish between a compensation via a discount on the rate per kWh (discount kWh-price) and a discount to the monthly base price and ask for the respon-135 dents minimum discount required for participation, expressed in percent of their monthly electricity bill. We hypothesize, that a higher requested discount implies less approval of the concept of smart charging and therefore a lower level of acceptance. In consequence, the relationship between acceptance and the 6 requested discount percentage is assumed negative (H1, H2).
140
System Effects
Additional advantages of smart charging comprise the integration of renewable energy sources (RES-integration), such as wind power or photovoltaics, via shifting of charging times (H3). This can lead to improved grid stability in times of high RES-generation, especially in low-voltage distribution grids [35] .
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A positive perception of these advantages is hypothesized to result in a high acceptance for the concept of smart charging and thus a positive relationship is assumed (H4). Grid stability is a technical concept that manifests itself on the consumer-side through an increased security of supply for all consumers, which, from an economic point of view, is a common good. In particular high power 
Data Privacy
Another influential factor for the acceptance of smart charging, could be data privacy. It is often stated, that smart charging operators are able to deduct mobility patterns from the supplied information [20] . We thus hypothesize a 180 negative influence of a respondents general data privacy concerns on acceptance (H9).
General Attitudes
A final group of hypotheses concerns general attitudes with potential relevance to smart charging, which the literature often associates with affinity 
Methodology: Partial Least-Squares
The goal of this investigation is to discover and quantify causal dependencies The hypotheses as depicted in Figure 1 represent the structural model of the SEM-analysis. The measurement model is described in Table 2 . Due to the rela-205 tively high number of formative constructs, we do not apply the covariance analysis but perform an analysis of variance according to the Partial-Least-Squares approach [41, 42, 43] . This approach is superior for formative constructs and for newly proposed models and allows us to correctly map the relations for these individual constructs [44] . This way, we do not bias the indicator / variable re-210 lationship but cannot apply the same set of quality criteria to assess the global model fit as compared to models consisting only of reflective constructs [45] . A further in-depth discussion of the validity and robustness of the employed PLS approach will be performed in Section 3.
Survey Design and Operationalization
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The survey design is based on items and scales from literature and from questions directly related to the measured construct. Participants first were shortly briefed about the survey procedure and also received a clear definition of the terms "electric vehicle" (EV) and "plug-in hybrid electric vehicle" (PHEV) in the context of this work. In the next step participants were asked about their Since we aimed at a concise survey and due to the refinements from the pretest, the constructs for EV-experience, the monetary discounts and the number of features were measured directly. All others constructs were measured by five-point likert scales. Some items were inverted for validity testing. For some constructs, such as grid stability, it was necessary to assess different aspects 250 of the respective factor (e.g. opinions on limiting power line construction or contribution to fewer power outages) which as a whole contribute to a factor's measurement. A respondent's positive valuation of RES-integration could e.g. originate from general concerns for the climate or a wish to reduce their carbon footprint. Respondents will also have differing appreciations of customization-255 possibilities based on their personal experience with a range of abilities from stored input-profiles to machine learning. By assessing these constructs with formative measurement models their various aspects can be efficiently covered without complicating the structural model with theorized hidden reflective constructs.
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For the reflective constructs flex. mobility need and data privacy we could 
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Additionally, the participants were asked about their EV-behavior and demographics 1 . Table 2 summarizes the characteristics of the measurement models.
Survey Implementation and Sample Data
After a small pretest with 26 valid responses for improvements on compo- probable that the number of actual individuals is lower, since respondents may have been contacted through multiple channels. Addressees who had subscribed to multiple newsletters or take part in more than one organization were contacted multiple times and may therefore be overrepresented in the sample. This potential self-selection bias is ameliorated by our scope to address early adopters. 2 Complete data was needed for a consistent evaluation of each individual construct. Therefore every question that directly included measurement models was mandatory. 
13
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In conclusion, the sample displays satisfactory compatibility with definitions of early adopters by [32] and [36] . According to [53] the sample size is sufficient for a PLS-analysis with the proposed model. 
Evaluation
In this section we give an empirical evaluation of relevant sample data. In the 320 following SEM analysis, the modeling results are discussed under consideration of the respective quality criteria. 
Empirical Evaluation
Features
When asked to point out the features which they expect in a smart charging system, most respondents request an option to submit a minimum range (77%).
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The average minimum range requested in the sample is 70km (median 50km).
The ability to override the smart charging process and charge directly is another feature in high demand (76%) as well as the submission of a planned time of departure (71%). Other than the minimum range, 60% of respondents opt to submit a planned range which serves as an upper threshold beyond which no 340 additional battery charge is necessary. Gentle charging for a prolonged battery life is specifically requested by 56%. Another 37% consider a variation range around their arrival time as useful. Only 3% of the sample do not request any features at all. Respondents also request options for both, the use of selfproduced electricity from e.g. PV and V2G-functionalities. 
Demanded Compensation
In the literature monetary incentives are one of the primary drivers for participation in a smart charging scheme (cf. Table 1 ). By providing a short calculation example on the ensuing savings to allow for easier evaluation and 
Acceptance
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Focal point of this analysis, Figure 7 displays the variation of the empirical results for the two indicators "usefulness" and "satisfaction" of the construct acceptance. The median is considerably higher for "usefulness" than it is for "satisfaction". About 60% of the sample appraise "usefulness" at an average score of 4 or higher whereas only 37% rate "satisfaction" at a similar level.
365
Together, average evaluations are towards the positive end of the scale which indicates substantial approval of the concept of smart charging. However, "use- fulness" is appraised more positive than "satisfaction", indicating that smart charging is indeed seen as a valid concept but so far lacks optimal implementation. 
SEM Results
The core of this work is an extensive SEM analysis on the factors driving smart charging acceptance. The modeling results are discussed in the following with regard to their statistical robustness.
Modeling Results
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The PLS algorithm reached a solution after seven iterations with a threshold of 10 −7 . Results are displayed in Figure 8 and Table 3 . * weak significance at 10% ** medium significance at 5% *** strong significance at 1%
techn. innovativeness identifiability of formative constructs is given naturally [45] .
An analysis of multi-normal distribution of the sample data would be neces- Reliability testing yielded Cronbach's Alphas greater 0.5 for all constructs indicating construct reliability. Internal consistency measured by corrected itemto-total-correlation was again not entirely satisfactory for the constructs per-415 ceived risk, flex. mobility-need and data privacy. Analysis of second generation criteria, i.e. Described Variance, factor reliability and AVE, lead to satisfactory reliability results for all reflective constructs.
Discriminance validity was assured through an analysis of the average variance extracted (AVE). The Fornell/ Larcker-criterion holds for all constructs.
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Convergence validity was assured, as the factor loadings in a confirmatory factor analysis are non-zero and significant for all reflective constructs.
Different to reflective measurement models, quality analysis of formative measurement models cannot be based on correlation analysis since formative items should cover the whole thematic reach of a construct. An assessment of To conclude, our model achieves good global model fit and validity. Merely the reliability of some reflective measurement models requires some refinement 435 in further analyses.
Discussion
In this section the individual hypotheses of the SEM analysis will be discussed and critically reflected upon. We then further discuss the implications of the acceptance or the rejection of the formulated hypotheses for the given 440 21 sample.
Hypothesis H1 assumed that a higher requested base price would decrease the acceptance for participation in a smart charging scheme. According to the SEM results, the total effect is not significant and H1 must therefore be rejected. Since the survey participants could explore the effect of different base 445 price discount steps in the survey they could also explore the total effect of this price element. Despite the empirical mean of nearly 20% demanded discount (cf. Figure 6 ), the overall impact of the base price discount has to be considered statistically irrelevant for the acceptance of smart charging.
H2 assumed in the next step that a high variable electricity price would 450 reduce the acceptance. The SEM path coefficient confirms the direction of influence of the hypothesis, but the relationship is again not significant. Thus this hypothesis also has to be rejected. Following the empirical observation, the variable component has a higher impact on the overall costs for charging with a mean of 21.4% demanded discount in the sample. Further effects that could 455 be mediated through EV-experience or the demographic group were not found.
In the context of this sizable discount request, monetary incentives must play a role in the design of smart charging schemes. However, our study does not yield reliable evidence for their contribution to the acceptance of the concept of smart charging. This result is somewhat contrary to most related literature (cf. Table   460 1). The discrepancy could be explained by the fact that respondents were able to experiment with the discount size and experience its rather small effect on total mobility costs: a maximum delta of 20 EUR/month in the (in reality unlikely)
case of a discount of 40% might have been too little for some to compensate for the loss of flexibility (extremely high discount request) or to matter at all (very program but also to address other factors.
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H3 considered the fact that the more the integration of RES can be fostered through smart charging, the higher the acceptance for this concept would be.
The total explanatory effect of this construct is 0.214 at the 0.1%-significance level. This relation is the second strongest in the whole analysis, supports H3,
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and therefore confirms the majority of the literature in relation to this factor.
Any smart charging management program put forward by an aggregator should therefore consider objectives related to better RES-integration or communicate the effects of a charging management program on the ability to better utilize these sources of electricity, e.g. omitted greenhouse gas emissions. participants' contribution to grid stability could be for the aggregator to share information on his participation on balancing power markets.
H5 assumed that an assessment of a higher perceived risk of the participation in a smart charging program leads to reduced acceptance. The perceived risk represents the subjective evaluation of the impact of a mispurchase. This con-495 struct was not found to have a significant impact on acceptance in our sample and H5 is thus rejected. The next hypothesis H6 assumed that the higher the need for flexibility in individual mobility, the lower the acceptance for smart charging. Two of three studies explicitly discussing this factor reached a similar conclusion and we can confirm this relation with an explanatory value of -0.147 500 at the 5%-significance level. Even though individual flexibility need is an important factor that has to be considered in the design of smart charging programs, the statistical reliability of the construct needs to be improved in further studies. Overall there is a clear perception in the sample that individual flexibility is important, but due to the lack of experience with a particular instance of a 505 smart charging scheme more specific investigations have to be performed. the personal disposition of the EV user towards the charging management technology must also be considered in the future as an influence for the acceptance in this case. H8 made a first step to address this by assuming that a higher degree of customization of automated data provision to the charging management system will in turn increase the acceptance. This construct was found to be 520 weakly significant at the 10%-level. Further analyses, including a MANCOVA, did not yield any hidden group effects to explain the lack of significance. It can thus be concluded that customization can improve acceptance but is not the most important driver. Related work also points in this direction (cf. on acceptance, H12, could also not be confirmed in the early adopter sample.
As with EV-interest, this could again be due to the homogeneity of the sample with respect to this attitude. Finally, H13 assumed that a higher EV-experience would have a positive effect on the acceptance of smart charging. This relation was also not found to be significant. Especially the last discussed constructs 540 should be reevaluated in the future in a more heterogeneous, representative panel for additional insight.
Conclusion
Smart charging has been the focus of considerable research efforts but so far there is little notion of users' acceptance of the concept. This work considers Taken together and given the respective legislative framework, our findings could serve to ease and accelerate the implementation of smart charging and in consequence materialize the positive system effects so motivational to the early 585 adopters.
The expansion of the target group to the general public, also beyond German borders, is a logical next step for future research. Such an analysis should contain more room for manipulation checks and redundant items to improve reliability. The proposed model is the first in this field and future modeling 590 efforts could benefit from a greater focus on promising constructs and their respective mediators. This paper thus lays the exploratory foundation for a more refined understanding of customer wishes and potential marketing perspectives 26 for the realization of smart charging. 
